Effects of non-parabolicity and band-warping of the energy dispersion are entered in a quantum well laser simulator (MINILASE-II) 
In recent years, growing computational resources have made it possible to develop sophisticated semiconductor laser simulators, such as MINILASE-II ], that provide a better understanding of the physical processes involved. MINILASE-II solves simultaneously the drift diffusion equations, including thermionic emission and quantum well (QW) capture, Poisson's equation and the photon rate equations for arbitrary two dimensional geometries. An accurate description of the gain still requires knowledge of the QW energy bandstructure. In this paper we explain how we connect an accurate description of the electronic bandstructure obtained from a multiband k.p theory [2] with the simulator MINILASE-II and discuss the resulting gain and modulation response of a strained-layer In.2Ga.sAs/Al.lGa.9As quantum well laser. . Hml(k zl',vl (z) E (n) (z), (2) where kq is the wave number for the 1D Brillouin zone of the superlattice, and the band parameters take different values in the well and the barrier regions [2] .
(k kq) (Z) An unbroadened gain coefficient is obtained from the following expression,
where
is a matrix element factor calculated separately from and is an input for MINILASE-II. [6] .
We now describe the results obtained from MINI-LASE-II for an operating regime beyond the lasing threshold. Figure 2(a) shows the optical gain spectra for various implementations of the DOS and OME.
The maximum height of the gain is pinned by the losses in the laser which are the same for all three implementations. For the curve labeled "KP", the DOS and the OME are imported from the k.p calculation in the manner described above. For the other curves the DOS are determined by the effective masses of CB and HH1 at F, and the OME are con- stants derived from averaging the OME for a CB-HH transitions over the directions of k in a small neighborhood of F. For the curve labeled "2D", the OME (1-2212) p2 is averaged over kll, where P =< SlpxlX > is the band parameter used for the k.p calculation. The OME for the curve labeled "3D" /i 3 . 1 2 2p2 is obtained from an average over all directions of k. For the last curve, labeled "KANE", a 3D average over k is used, and P is obtained from a 3-band Kane model [7] , coupling the CB, LH and SO bands. The resulting value of P, 9.26 eV-, is smaller than the value used for the k.p calculation, 10.23 eV-. Fig. 2(a) shows that for increasing constant OME, both the lasing frequency and transparency energy are reduced, since a larger OME requires a smaller separation between the electron and hole quasi-Fermi levels to achieve a fixed gain. The 2D average overestimates the "KP" result because the k-dependent expression used for the average is valid only in a small neighborhood of F, and a 3D average underestimates the "KP" result. Figure 2 (b) displays the laser's response to a small square pulse in the applied voltage. The three implementations with the same DOS (KANE, 3D and 2D) give a peak shifted to larger frequencies when the OME increases. We found the population inversion to be identical for the three cases. Thus, the resonance frequency is primarily proportional to the time derivative of the photon density in the cavity which is proportional to the gain. This proportionality explains the frequency shift.
As in the case of the gain curves, one might expect the peak of the "KP" curve to lie in between the "2D" and "3D" results. However, the frequency peak is shifted to a smaller frequency than expected. This shift is due to the larger DOS for the "KP" implementation relative to the other implementations, resulting in a smaller population inversion factor. The height of the resonance in the three constant OME implementations decreases with increased OME because the laser is increasingly overdamped. The height of the resonance is larger for the "KP" implementation because the capture process is more efficient in the VB due to the smaller quasi-Fermi level and the larger DOS. 
